Generalized scaling in flavor neutrino masses Mij (i, j=e, µ, τ ) expressed in terms of θSC and the atmospheric neutrino mixing angle θ23 is defined by Miτ /Miµ = −κit23 (i=e, µ, τ ) with κe=1, κµ=B/A and κτ =1/B, where t23 = tan θ23, A=cos 2 θSC + sin 2 θSCt 4 23 and B=cos 2 θSC − sin 2 θSCt 2 23 . The generalized scaling ansatz predicts the vanishing reactor neutrino mixing angle θ13 = 0. It is shown that the minimal seesaw mechanism naturally implements our scaling ansatz. There are textures satisfying the generalized scaling ansatz that yield vanishing baryon asymmetry of the Universe (BAU). Focusing on these textures, we discuss effects of θ13 = 0 to evaluate a CPviolating Dirac phase δ and BAU and find that BAU is approximately controlled by the factor sin 2 θ13 sin(2δ − φ), where φ stands for the CP-violating Majorana phase whose magnitude turns out to be at most 0.1.
INTRODUCTION
The recent observation of the nonvanishing reactor mixing angle θ 13 [1] opens a new window to clarify properties of CP violation in neutrino physics. CP violation occurs in neutrino oscillations [2] and in leptogenesis [3] based on the seesaw mechanism [4] . In the seesaw mechanism, neutrinos are almost Majorana particles generated by heavy Majorana neutrinos as heavy as O(10 10 ) GeV and turn out to be extremely light so that they are compatible with experimental observations [5] [6] [7] [8] [9] . Effects of CP violation in the lighter Majorana neutrinos are characterized by phases of the PontecorvoMaki-Nakagawa-Sakata (PMNS) unitary matrix U P MN S [10] , which converts massive neutrinos ν 1,2,3 into flavor neutrinos ν e,µ,τ . Three phases, one CP-violating Dirac phase δ and two CP-violating Majorana phases φ 2,3 are involved in U P MN S [2] . On the other hand, CP violation in leptogenesis is characterized by phases related to heavy Majorana neutrinos. These two types of CP violation are, in principle, independent of each other. However, they can be correlated if there are some constraints that reduce the number of degrees of freedom, which result in relating two different types of CP-phases. It is known that the minimal seesaw mechanism utilizing two heavy neutrinos [11] involves three physical CP-violating phases in leptogenesis, which are equivalent to δ and φ 2, 3 ; therefore, CP violation in leptogenesis can be controlled by δ and φ 2,3 .
The observed sin 2 θ 13 is found to be sin 2 θ 13 ≈ 0.025 [12, 13] close to sin 2 θ 13 = 0, which suggests a theoretical principle that sin 2 θ 13 vanishes as the first approximation and that a certain perturbation induces nonvanish- * Electronic address: yasue@keyaki.cc.u-tokai.ac.jp ing sin 2 θ 13 . There have been various theoretical ideas that give sin 2 θ 13 = 0 [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] . Among others, the generalized scaling ansatz in flavor neutrino masses, which is an extended version of the scaling ansatz [22] , is proposed to discuss a new aspect of neutrinos [23] . The generalized scaling is described by two angles, θ SC and the atmospheric neutrino mixing angle θ 23 , which provide the following scaling rule among Majorana flavor neutrino masses M ij (i, j = e, µ, τ ): satisfy the generalized scaling ansatz are found to yield the vanishing BAU. In these textures, it is expected that breaking effects of the generalized scaling ansatz initiate creating BAU and simultaneously inducing Dirac CP violation as a result of θ 13 = 0. In Sec.III, we describe leptogenesis based on the minimal seesaw mechanism and show theoretical arguments to make predictions on possible correlations between BAU and CP-violating phases. In Sec.IV, a numerical analysis is performed to estimate sizes of BAU and of Dirac and Majorana CP-violations, which will be compared with our theoretical predictions. The final section, Sec.V, is devoted to a summary.
Similarly, we obtain that
for Eq. (13) . These definitions of sin 2 θ SC depending upon the types of seesaw textures provide the seesaw version of Eq. (5) .
Since the case with m 3 = 0 is described by Eq. (11), Eqs. (12) and (13) should describe the normal mass hierarchy with m 1 = 0. In other words, the inverted mass hierarchy with m 3 = 0 realized at θ 13 = 0 does not approach the ideal textures Eqs. (12) and Eq.(13) at θ 13 = 0. This is because, for θ 13 = 0, we obtain that, for an arbitrary parameter x,
as well as [3] which turns out to be a *
It is found that BAU vanishes for the seesaw textures, Eqs. (12) and (13), which yield a * [26] . If these textures of m D are adopted, CP violation of leptogenesis and of the Dirac type for flavor neutrinos becomes active only if sources of θ 13 = 0 are present [27] . For the rest of discussions, we focus our attention on these seesaw textures to discuss how the creation of BAU relates to CP violation for flavor neutrinos. We restrict ourselves to discussions based on Eq. (12), from which results from Eq. (13) can be obtained by the interchange of a 1,2,3 ↔ b 1,2,3 unless otherwise specified.
To obtain θ 13 = 0 and the nonvanishing BAU, we include breaking terms of the generalized scaling ansatz, which are denoted by δa 3 and δb 3 to give
The angle θ SC is still defined by Eq. (5) and the i = τ part of the generalized scaling rule Eq. (1) gets broken according to
The nonvanishing BAU is generated owing to a *
, which is calculated to be:
On the other hand, the CP-violating Dirac phase δ, which is contained in a specific version of U P MN S defined by the Particle Data Group [28] , is estimated to be [29] δ = arg 1
for the normal mass hierarchy, where δM eτ and δM τ τ calculated from
turn out to be
At the same time, θ 13 is calculated by the following formula [30] :
We can further approximate Eqs. (25), (26) and (29) to see that the breaking δb 3 is a main source to start creating BAU and inducing the nonvanishing δ and θ 13 . The normal mass hierarchy demands that |M µµ,µτ,τ τ | ≫ |M ee,eµ,eτ |, which are equivalent to a 1, 2, 3 . For the region where second order terms with respect to δa 3 and δb 3 are safely neglected, we obtain that
as well as tan 2θ 13 ≈ 2c 23 s 2 23
for sin 2 θ SC ≈ 1. Therefore, we understand that the main source of CP-violations and θ 13 = 0 is the single breaking term δb 3 . It should be noted that, for the b 1 = 0 texture,
is derived in place of Eq. (30) . We describe various seesaw parameters to estimate BAU from leptogenesis based on the minimal seesaw mechanism. The recipes to calculate BAU are given as follows [31, 32] :
1. The heavy neutrinos are taken to satisfy the hierarchical mass pattern of M 1 ≪ M 2 , where the CP-asymmetry from N 2 is washed out;
2. The CP-asymmetry from the decay of N 1 is given by the flavor-dependent ε α (α = e, µ, τ ):
where v ≃ 174 GeV and
leading to f (x) ≈ −3/2x, for x ≫ 1, which is the present case;
3. The washout effect on ε α is controlled by η m α 1ef f , which takes the form
where
represents an effective mass; 4. For 10 9 M 1 10 12 to be taken as our adopted range of M 1 , the created lepton asymmetry Y L , which becomes flavor-dependent, is calculated to be:
where g * is the effective thermodynamical number of the relativistic degree of freedom that is estimated to be 106.75 for the standard model at a cosmic temperature greater than 300 GeV and
The obtained Y L is related to the baryon asymmetry Y B :
To make theoretical predictions on η B , let us choose the flavor-independent estimation of η B , where η B is proportional to Im[(a *
. To see the dependence of η B on δ and φ, we evaluate δb 3 appearing in Eq. (30) . For the normal mass hierarchy, using the relations of
where σ ee,µµ,τ τ = ±1 and σ τ τ = σ µµ is required for δa 3 to vanish at θ 13 = 0, we find that Eq. (28) 
from δM eτ expressed in terms of m 2,3 [29] . As a result,
is derived from Eq. (30) .
2 ], we reach η B ∝ sin 2 θ 13 sin (2δ − φ), which is the relation for the a 1 = 0 texture. On the other hand, for the b 1 = 0 texture, we similarly find that η B ∝ − sin 2 θ 13 sin (2δ − φ) from Eq. (33) . Including M 1 , we conclude that serves as a good prediction of η B , where ξ B = 1 (ξ B = −1) for the a 1 = 0 (b 1 = 0) texture.
We also derive the relation between δ and φ from the i = µ part of Eq. (1) 
Therefore, we find that φ = 0 at θ 13 = 0. For θ 13 = 0, the right-handed side of Eq. (44) 
numerically leading to tan φ ≈ −0.1 sin δ for the observed data. We expect that the magnitude of φ is at most 0.1. Since we would like to discuss effects of the CPviolating Dirac phase δ on the creation of Y L , we may consider the renormalization effects that modify the magnitude of δ when δ is promoted into Y L . It has been discussed that the renormalization effect is rather insignificant for neutrinos in the normal mass hierarchy [33] , where we reside now.
IV. NUMERICAL ANALYSIS
We perform numerical calculation of η B by adopting the following parameters obtained from neutrino oscilla- 
where ∆m
j for m i specifying a mass of ν i (i = 1, 2, 3). There is another similar analysis that has reported the slightly smaller values of sin 2 θ 23 = 0.365 − 0.410 [13] . The created η B should be consistent with the WMAP observed data [34] of
To study the dependence of η B on θ 13 , δ and φ, we use Y comes
We have searched acceptable parameter regions by changing M 1 up to 10
12 GeV for the a 1 = 0 texture and up to 5 × 10 11 GeV for the b 1 = 0 texture to see how BAU is created and how BAU depends on θ 13 and δ. The neutrino masses, mixing angles and η B are constrained by their experimental data, Eqs. (46), (47) and (48), unless they are specified. Our theoretical predictions, which have been obtained by using certain approximations, are to be compared with numerical results obtained without such approximations. The results of our numerical analysis are shown in FIG.1-FIG.9: 1. In FIG.1 (a) for sin 2 θ 13 ≤ 0.04, the angle θ SC should satisfy 0.87 sin 2 θ SC 0.99 to cover the observed range of ∆m general scaling rule of M τ τ /M µτ = −κ τ t 23 is satisfied and this scaling rule turns out to be satisfied within 70%.
FIG.2 shows how Y
B , the appropriately normalized Y B /M 1 , evolves with sin 2 θ 13 and δ:
(a) The feature that Y
B increases as sin 2 θ 13 increases appears for both textures although it starts decreasing around sin 2 θ 13 ≈ 0.015 for the b 1 = 0 texture and the predicted proportionality of Y (a) 1.5×10 11 GeV (1.8×10 11 GeV) if 0 < δ < π/2 (−π < δ < −π/2) for the a 1 = 0 texture; (b) 6.5×10
10 GeV (4.5×10 10 GeV) if π/2 < δ < π (−π/2 < δ < 0) for the b 1 = 0 texture.
Since BAU inversely depends on a (a) For the a 1 = 0 texture (ξ B = 1), δ tends to approach 0 and π/2 as M 1 increases and this behavior is consistent with the prediction of the factor M 1 sin(2δ − φ) with |φ| 0.1, which tends to stay at the appropriate value corresponding to the observed η B and which requires that |sin(2δ − φ)| gets smaller as M 1 gets larger and either δ ≈ 0 or δ ≈ π/2 (mod π) is a target value. 1 with |φ| 0.1 is required and δ is predicted to be near π/4 (mod π). On the other hand, for the larger M 1 , sin(2δ − φ) ≈ 0 is required to lead to δ ≈ 0, π/2 (mod π). These two values are smoothly connected from δ ≈ π/4 (mod π) in the intermediate range of M 1 . For |M ee |, it is found that 1.2 meV |M ee | 4.0 meV. The M 1 dependence of |M ee |, which is a function of 2δ − φ, is understood in a similar way.
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